Objective: This paper reports our experience of a large series of elephant trunk patients accumulated over 12 years. Summary Background Data: Extensive aneurysms of the ascending/arch and descending thoracic or thoracoabdominal aorta are significant surgical problems that have potential for great morbidity. We adopted a staged approach known as the elephant trunk procedure in 1991, and we have used it with some modifications since that time. Methods: Between February 1991 and December 2003, we performed 1660 operations for ascending/arch or descending thoracic/ thoracoabdominal aortic aneurysms. Of these, 321 operations were performed in 218 patients for extensive aneurysms with the elephant trunk technique. We performed 218 ascending/arch repairs and 103 descending thoracic or thoracoabdominal aortic replacements.
thoracoabdominal aorta, present a technical challenge to surgeons. The anatomy and orientation of the aorta make it extremely difficult to expose entirely through a single-incision approach. Historically, staged repair, in which the aorta was approached through separate incisions, was fraught with complications, particularly catastrophic bleeding. In 1983, however, Borst introduced the elephant trunk technique (Fig.  1 ), 1 which permitted the surgeon to avoid cross clamping the proximal native descending thoracic aorta in the second stage of repair and, consequently, avert problems of hemorrhage. With a few modifications, we have successfully used Borst's technique since 1991 in the repair of extensive aortic aneurysms. In the first stage, cardiopulmonary bypass, profound hypothermia, circulatory arrest, and retrograde cerebral perfusion (RCP) have provided improved protection of the brain and guarded against stroke; in the second stage, distal aortic perfusion and cerebrospinal fluid drainage have improved protection of the spinal cord. In this article, we present our rationale and approach and describe the technique as it has evolved at our center over a 12-year period.
METHODS
We performed 321 operations in 218 patients. Of these, 218 had ascending/arch operations and 103 had descending/ thoracoabdominal operations. Patient demographics and operative data for both stages are displayed in Tables 1 and 2 . The first stage of the elephant trunk technique is performed in a similar fashion to standard surgery of the ascending aorta and transverse arch, with the exception of the insertion of an inverted distal graft. 2 The patient is placed on cardiopulmonary bypass, and systemic temperature is lowered. Further cerebral protection is provided by RCP through the superior vena cava. Continuous retrograde cold-blood cardioplegia through the coronary sinus, supplemented with direct antegrade coronary ostia infusion once the aorta is opened, protects the heart. A left ventricular sump inserted through the right superior pulmonary vein prevents left ventricular distension. Transesophageal echocardiography (TEE) monitors heart function and is also used to detect the presence of potentially harmful atheromatous plaque in the ascending aorta, arch, or descending thoracic aorta. When the patient's temperature has been lowered to between 20°C and 15°C (measured nasopharyngeally) and the electroencephalogram monitoring cerebral function has become isoelectric, circulation is arrested and RCP begun. Cerebral blood flow is directly monitored by power M-mode transcranial Doppler; thus, perfusion pressure can be increased or decreased as necessary to maintain middle cerebral artery flow, eliminating the previous requirement to maintain a maximum cerebral flow rate of 500 m/min. The transcranial Doppler can also identify cerebral artery flow reversal.
We excise most of the lesser curvature and the 2 lateral walls of the transverse arch ( Fig. 2a ). The elephant trunk Dacron tube graft is inverted on itself (Fig. 2b ). The distal portion descending length is not greater than 10 cm. The inverted graft is placed in the descending thoracic aorta, and the folded edge is sutured just distal or proximal to the left subclavian artery (Fig. 2c ). When this distal anastomosis is completed, the inner portion of the graft is retrieved into the operative field, leaving the remainder of the graft (the elephant trunk) dangling in the descending thoracic aorta. A side hole is cut in the retrieved proximal portion of the graft, and the preserved aortic island containing the great vessels is sutured to the graft (Fig. 2d ). After completion of the distal reconstruction, RCP is discontinued, and a cannula is placed into the proximal aortic graft. With the patient in the Trendelenberg position, cardiopulmonary bypass flow is initiated through the femoral cannula until all debris is evacuated through the open aortic graft. Antegrade flow is then established through the graft cannula, the graft is clamped, and proximal reconstruction is completed while the patient is systemically warmed ( Fig. 2e ). This may include aortic valve replacement or resuspension, or if the sinuses are dilated, aortic root replacement with the button or modified Cabrol technique. Warming is continued until the patient's core body temperature has reached 36°C. Stay in the intensive care unit averages 2 to 3 days, followed by another 5 to 10 days of hospital recovery. The patient is discharged and given an appointment to return in 4 to 6 weeks, depending on general physical and pulmonary status. On rare occasion, the patient will remain in hospital and undergo second-stage repair within a week of first-stage surgery.
The second stage of the elephant trunk technique closely resembles standard descending thoracic or TAAA repair, for which we also use the adjuncts distal aortic perfusion and CSF drainage. 3 After initiation of the pump for distal aortic perfusion, a clamp is applied distally at the mid-descending thoracic aorta. The proximal third of the descending thoracic aorta is opened without a proximal clamp. The elephant trunk portion of the graft, inserted in the descending thoracic aorta during stage 1, is grasped and clamped (Fig. 3a) . The graft-to-graft anastomosis of new graft to "elephant trunk" can be performed much more quickly than graft to native aorta. Because there is no need for cross clamping of the proximal descending thoracic aorta, dissection in the area of the proximal descending aorta, transverse arch, and pulmonary artery is avoided, and the risk of massive bleeding due to injury of these vessels is minimized. Then, the intercostal anastomosis, visceral patch anastomosis, and lastly the distal anastomosis are sutured in sequential fashion ( Fig. 3b and c). An illustration of an extensive aortic aneurysm before and after the first and second stages of the elephant trunk technique is shown in Fig. 4 .
STATISTICAL METHODS
Data were collected on case-report forms by our clinical research nurse and entered into a secure encrypted Microsoft Access database. Research procedures are approved by institutional review board and comply with applicable privacy statutes. Data were exported to SAS version 8.2 for processing and analysis. Univariate comparisons were made by contingency table for categorical data and by unpaired t test or Wilcoxon rank-sum as appropriate. Univariate longterm survival was estimated by the Kaplan-Meier method, and stratified comparisons were made with the log-rank 
RESULTS
To better evaluate the results for staged repair, we divided the data into the following 4 distinct categories: (1) stage 1 surgery to 30 days postoperative, (2) the recovery interval after stage 1, from 31 days to 6 weeks postoperative, (3) stage 2 surgery to 30 days postoperative, and (4) nonreturning patients. Patients who did not undergo stage 2 repair beyond 6 weeks were considered nonreturning patients. After stage 1 ascending/arch repair, 19 of 218 (8.7%) patients died within 30 days of surgery. Three of 218 (2.7%) patients had postoperative strokes; 1 was among patients treated with RCP (1/187, 0.5%) and 2 (2/31, 6.5%) were among patients without RCP (odds ratio 0.08, P Ͻ 0.009). Of the 199 patients surviving 30 days from stage 1 ascending/arch surgery, 4 (2%) died awaiting the second stage. Ninety-eight patients did not return for stage 2 within 6 weeks of the first stage. Of these nonreturning patients, 18 (18.4%) died without completion of surgery. After stage 2 descending/thoracoabdominal repair, 10 of 103 (9.7%) patients died. No cases of paraplegia or paraparesis were observed after stage 2 surgery. Long-term survival after completion of the second stage was 71% at 5 years ( Fig. 5 ).
DISCUSSION
Extensive aneurysms of the aorta are complex surgical problems that present significant technical challenges and require an integrated approach and an experienced team. Before Borst introduced the elephant trunk technique, 1 staged repair required clamping of the aneurysmal aorta at the left subclavian artery and frequently led to excessive bleeding. Bleeding could also occur from the left pulmonary artery during second-stage dissection of the descending thoracic aorta. By circumventing cross clamping of the proximal descending thoracic aorta, the elephant trunk technique resolved these problems. Crawford 4 and Svensson 5 made some modifications to the original elephant trunk technique, which Borst later acknowledged as improvements to his original method. 6 These changes included placement of the inverted graft in the descending rather than proximal aorta and shortening the length of the free end of the graft that extends into the descending aorta to avoid kinking, obstruction, or dislodgment of emboli. Another modification evolving from Borst's original method has been the reverse elephant trunk. [7] [8] [9] [10] [11] In a reversed elephant trunk procedure, we begin with graft replacement of the descending thoracic aorta because symptoms such as back pain or the threat of rupture 
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Staged Repair of Extensive Aortic Aneurysms demand urgent attention. The inverted graft is placed in the descending thoracic aorta and the fold sutured at the proximal descending aorta. The graft remains inverted until the second stage. The benefits of the elephant trunk technique in cases of type A dissection have also been acknowledged. [12] [13] [14] [15] After removal of the septum between the true and false lumina, insertion of the graft into the distal true lumen helps to prevent leakage at the site of the distal anastomosis and to prevent further progression of the tear. Patients treated for type A dissection without aneurysmal descending thoracic aortas or dissections that progressed into the descending aorta formed a subset of the nonreturning patients. Also part of this subset in our series were patients for whom we used the elephant trunk technique regardless of enlargement of the descending thoracic aorta, but rather to prevent clot and debris from traveling to the brain due to an atherosclerotic descending aorta. Since our previous review of patients through the year 2000, 16 we have had no additional deaths in the interval. The fact that 3 of these 4 interval deaths were caused by rupture of the unoperated aortic segment between 4 and 6 weeks after the ascending repair prompted us to make a determined effort not only to get patients to return for second-stage repair but also to return no later than 6 weeks after stage 1 repair. Advancing the second stage to the 4-to 6-week timeframe appears to be safe, in that we did not see an increase in stage 2 perioperative mortality with the reduction in interval mortality. This suggests that the interval mortality reduction is attributable to the change in protocol and not to underlying concomitant systemic disease. Because aneurysm ruptures occurred before the 4-to 6-week timeframe, this experience has also reinforced our commitment to 2-stage rather than 1-stage repair.
Our favorable results have consistently supported the use of this technique 11, 16, 17 and reflect the outcomes of other smaller elephant trunk series. 4, 6, 7, 18 In our series, the early mortality rates after stage 1 (8.7%) and stage 2 (9.7%) were acceptable. Two of the largest series of extensive aortic aneurysms repaired in single-stage operations were necessarily limited to aneurysms extending no further than the diaphragm because of transmedial or midsternal approaches. 19, 20 Despite the fact that there were no high-risk type II thoracoabdominal aortic aneurysms in these series, one also reported a high (14%) incidence of paraplegia. 19 Although the protective properties of hypothermia as used in these cases are well documented in surgery of the ascending aorta and transverse aortic arch, the drawbacks of lowering systemic temperature are also well known. 21 In 1992, cerebral protection in the first stage of the elephant trunk technique was enhanced by the introduction of RCP. 22 Second-stage graft replacement, in which we used distal aortic perfusion and cerebrospinal fluid drainage and in which 71% of patients had either type I or type II thoracoabdominal aortic aneurysms, had no instances of neurologic deficit.
Among 1660 operations for ascending/arch or descending thoracic/thoracoabdominal aortic aneurysms performed between February 1991 and December 2003, nearly 20% have required repair of more than one segment of the aorta. Despite the extensiveness of the aortic disease in these cases, the patients do remarkably well, provided that they comply with the staging protocol. Perioperative mortality after each stage is less than 8%, stroke rates are under 3% and so far immediate neurologic deficit after stage 2 is nonexistent. Our experience suggests that the second stage of the repair should be conducted as soon as practicable after the first stage and within 6 weeks whenever possible. ture. We don't use it, though, becaue of the risk of tympanic membrane rupture and infection. I think in the '40s there was classified work in Canada where they used chimpanzees by cooling them to a temperature less than 10 degrees centigrade to the brain. They found some kind of damage to the brain. So, hence, we don't cool below the 12 degrees centigrade and only cool until the EEG is isoelectric.
DR. LARRY H. HOLLIER (NEW ORLEANS, LOUISIANA): Beautiful paper, suburb results. I noticed that you had no incidence of neurologic definite paraplegia or paraparesis in this, unlike the other patients who did not have a combined elephant trunk procedure, those who had the same extensive amount of replacement of the aorta separate from an elephant trunk.
We have seen the same thing. We have not seen paraplegia in those who have second stage elephant trunks, even with open repair or with the endovascular replacement. And I would like your comments or thoughts about what possible difference there might be in these patients.
DR. HAZIM J. SAFI (HOUSTON, TEXAS): Thank you, Dr. Hollier. Also I would like to mention your contribution in protecting the spinal cord, which is the perioperative CSF drain. We combined Dr. Connolly and Dr. Hollier's ideas to form the way we protect the spinal cord.
Really, I don't know. If you look at the gender in the ascending aorta, it is almost a 50:50 male to female ratio, while the descending thoracic aorta is 2:1 male to female ratio, and in the abdominal aorta, it is between 5 to 9:1. We think there may be a genetic component.
And they do well. They do better than ascending; they do better than descending. Our geneticist, Dr. Milewicz, one of those involved in isolating the gene responsible for Marfan syndrome, is obtaining blood and skin samples from patients in order to determine if there is a genetic predisposition to aneurysms. But I do not have an explanation.
DR. RICHARD P. CAMBRIA (BOSTON, MASSACHUSETTS): Dr. Safi, great series. I believe it is the largest series of elephant trunk repairs that I know of.
I have 2 questions. First, how about those non-returners? Are these folks who said, "No more, thanks?" And how does that influence your decision about how to stage these? Do you repair the larger of the 2 first?
Most of these patients will have an area in the aortic isthmus where clamping can be carried out, so one can typically or often decide to do one or the other first. And I would echo Dr. Connolly's comments, in some patients with extensive pathology where a potential stage 2 could be done with an endovascular graft, then stage 1 of the elephant trunk affords, of course, a very nice proximal seal zone for that repair.
DR. HAZIM J. SAFI (HOUSTON, TEXAS): Our philosophy with patients with extensive aneurysm of the aorta, which one to repair first, is the symptomatic portion, whether descending or ascending. If they are both asymptomatic, we like to go to front because the patient tolerates this procedure and recovers better.
I think it is an intriguing method to do the endovascular treatment for the patients with descending thoracic aorta while you do the ascending portions. This is an interesting concept and we hope to implement this in the next couple of months.
